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v^SLS. ^E} 5»EKduty factor^ ^tSfis} 50%S 

^3 ^E] ^Ei7f 50%S. Jitf^ Jt-S- t^iL^ 

n i^AlTVSl 2Bfl Al?J-o].3 aJ- 7 | §9}^ 7 l^A]jrS ^<gAl^ 360°1"^^ ^ 
^Kf ^JfS)-, AJ-7] ^olA]s «V^H-7l- 180°#^*^ 2)HA]S 360°# 

^HM ^HAJJ^I ^ Aj- 7 | ojB] ^Ajjr^ ^715)J! ^-Ej SjEl7> 50%"?] #§1^]^ 
A§Aja^ ^^4, 

£ 1 

[AJjOjol] 

#^Al^ ( -El ^El, *l<3^-5. 
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°W ^l^-f-H-l- °l-8-tr t-^SLS} ^E) SjEi i^"2|S.{Circuit for correcting duty 
factor of clock signal using a couple of delay loops} 
gig] 

£ 2^ £ 12] xhaij: HMJJM A oM| ^-fr H^oH, 

£ 3-S- £ 12] S^AlS ^-?-2] J!*! £^o)B], 

£ 4fe £ 32] *fl 1 $ XI 2 ^a]J: ^J 7 ]s] ^j-g. a_o] £i£ 0 |T}. 

* £^2] ^ Jf^-ofl rfltr -¥-5:21 ^ * 

100 : 200 : XH^IJl 

210 : AjaE efl^l^Ei 220 : -g-7l 

230, 240 : XI 1 ^ XI 2 -f-5. 231, 241 : -^a] XI 1 55 X| 2 *l<?i7l 

300 : ^4 310 : *]<&7] 

320 : XI 1 li^Ji HM§7l 330 : XI 2 l^Jl t^7l 

340 : #^^12. t^^f 
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<12> a. ^tg^. 013 #^a]^21 ^-E) s»El(duty factor)* $®r%] 50%7> £]£^ # 

<13> ^uv^ o.s VLSI (Very Large Scale Integration) «1**H ^sRr 

-l-8-fila* 43 3-9-41 a. #34l:M- -§--§-33-3 iflft tt 

E] ^El7V 3*0-* 50%# -8-33-3 **tjl, #^-3^ 3^7} <£^tr3. 

< 14 > =-E) S»Elfe l-^AlSS] Jl^ AjTV^ S^-ili^ ^7lS. t+fe &°-3.*\ T?3 3 

Ej7> ^SHMl 50%» 4r333 ^^-ofl, #3412:21 ^ ofl^l * 5>7j- *\}X\o\}*\ 5L*f- * 

a).^- n. £ s>7j- ofl^lofl nte} -§-2]-^^ «H53fe £3 tii?} 3* 

£ *)*|4M «HJ33 jj a> olS <?]sH -S-8-5|S.7> 5.*^* 33 #33:M ^El 

^^7]. g^Sia-i- ^Jfofl ^-E) ^El7} 50%£- %S.^ 33- 

<15> #^±3 ^-E] ^El7> 3^*1 50%3- »itf*rfe Ji#S)3.fc 3 ^ 7>*1 7> <£3^ 

zie^u)- tflJf-g-a] a^-SlS.fe ^0.3. #3*12:3 ^e] ^Ell- 

5J SISSJ t^oI 3#3:2, £3»3 ^-Str 3JM S.^33 32: 3^ 
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<H3jm, -§--§-^1 ^ ^1 3^ ji-s-ns* -MtH^) 5)^ 

^ <^ai 7H sxi^o] sasa^. 

<16> Zl^S.^. £ ^-Br ^lli ^O-S. #^^1JL2] ^E] 3»&|7} ^ 50%3- s]£ 

<18> £ gigs] £ tj-^- ^-^-^ -g-g-51^1 ^-g-A^ ^Al^o] -E] 3* 

<w> ojelt!: ^H* 7Mfe £ tf^*! °1* *1 °l-§-fV -n-^ ^El 3_<#3H 

3.fe, ^-Ej S«El» Jitf^- ^3 S]El7> 50%3. 5)H4 S/*3 Ji# #3*JJ-3l 

3#a}-» 3**H A) HE ^^A]^ <£^}^ ^Aj- H]M7]^, Aj-71 Hi 5171 £j A] HE 

= <h*h nq-e). ^sjfe i^jAltf* x]^a1^ 180°#^^ *lH4j3-» °>* 

£) i^Al^>3) 2Hfl A)7i°Vf- Aj- 7 | 7l^Al^» ^A]^ 360° # 3 ^l^^il" 

t^Jsfe 4°]^ iHi-^s]-, <M-¥-7} iHStt I80°e^*>8 *I<H4J± ^ 360° 

S^iSHS *<H4l±<1 ^ Aj-71 oJb| ^Aj^s}- f-7|£U ^E} ^E^7V 50*^1 ^ 

§aj4!JL '.H-fs. ^Sjfe 3-1- ^ i-s. £4. 
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<2o> ^7] $°\&£. tf^jft, 44^ 7i^2.s n)ei *]3-*h "ji # 

^^« 7 > #3*H=- 71^aijh-, a t^t-^ 7l§^]±7> aihbS 44 -S3 

ifc^H^V-g. ^l^A]^ 180°^ l-^t^ ^Aj-AlJrB. HMB*fe *ll 1 *l?l-?-B4, -8-71 *7l 

fc^7> f^fe #7] A] 1 *1<3^-H2l 2afl A^aH 360°2] 

fH*Kr 711 2 *l<3!^-=* ^Hls>jl, Aj-71 *)] i ^ 4] 2 *l<3f-H.« 44 

£ ^71 #3^2j 4^2] #^^A>21 Alolofl, Die) ^Aj^ ^ Al?>£l lHfl «2 2«fl2l Al 

^--g- 2|7l ^l^Al^m 4^3 *H|7l* Zl-71 ^ «1 5>fe 3-§- ^ ^-S t-VCf . 
<21> Aj-71 -t^-ilS ^T 3 "^, A <M 360° #3 It^ TlH^lS* Al^Al^TT -SL4 43714, -tf 

71 Ji# *1<££ 360° *lH4:M 4^ li^lS* lH4fe *H 1 €^4! 

£ tf^M^, ^71 180°2l ^H^ls°)l 44 l^^* «H34tt *H 2 ^i^li t^g 

71 21-, Aj-71 711 1 ^i-tl^ ^71 ^ Tfl 2 ^^7]7} 1^4 44 360° ^ 

180°21 21^0. 7Wfe ^A]^ iJ-^Hr tf^fl^-S T^^i, -*7l X]<£7]2\ 

4344£, ^7l 41 1 ^ 41 2 l^Al^l- Zl-71 t^Bl-Jl ZL 

a] j:o)l al-el- a o v 7 i #^a}^ UH8Jf7> 360° * 180°2l ^Aj-g- #^^]^« "1)4*1 

^5.51^ Al7j;O.S. 1^44. 
<22> A^7l #^Al^ ^Jf^, Ai2j^7>2l- ^^121 A}o]o\] 2\3_± H?!*)^ « S€ 

4^7} 311 ^^Sl<=H 21-2-^ BSM^E^ Tflomife 4l 1 ^VS. ^"^^l^ 

7>7> °JH1E11- *sfl 3+3-31, <&S.^ B^l^E^ TflolEofl^ Aj- 7 1 4) 2 

^^7} ^^51^, Aj. 7 l 312.^ B^Al^Ej ^ B€^1^2l BflAll- -f-3fl 
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oi^E^l <a«liM4 #^^H|a^ #^-ilS17> %^s\7)} tH^jI, W *\ 1 ^ 

*n 2 i^-as. tf<*7ite, <a^-ti^i- n ^a]?^ 4^ *i<a-g- <?]Bi34, 

sl^s|3.-& -a«3#4. 
<24> £ £ -t34!:M *3 S/tf^s.* Jitl °H1 44 

£o| ^ #^£(1(1104 £ t^l 44 ^4 sBe^V 50%5L ^s-s- 

a.-* -t3-i!x(0CLK)2] 4#4S ^l^S ^H^IJKSHL, SHR)» ^d^^^S. tf-fl 

«1 H7l (100)4, #71 «1H71(100)4 ^l— H TflolAlSKSHL, SHR)«H 44 44^ 

a^^s]^ i^AlTj-^- 7,l<gA]^ 180° ^<H-tl3:(0UT180)* UMIIW °}4rZ] =L di3*ltt 
9\ 2Hfl t-^^S 7l§>031# *1<S*1^ 360°1-^^ *lH-tls:(0UT360)S- !H!4^ 4 

<H-il2 ^^-¥-(200)4, <*7l TlH^J: t^^-(200)7> tf-fl* 180° ^H^]S(0UT180) 
^ 360°-&3f8 ^H-ilJU0UT360H 44 #7] #34]^(ICLK)4 ^7]sU ^3 3^7} 
50%°J #^^1^1- *<H*Kr #^iE. ^^-(300)3- ^£4. 

<25> Aj-71 *lHA)Jr. tA|«.(200)^, £ 2<H1 H>2f £o] s>u}o| jz^^s. ge}^ 7l§ 

nlel ^2 4 v 7l aIhe ^olAls(SHL, SHR)°)1 44 4-f 3. aI^aH^ Ajs 

H. 314^4 (210)4, #71 *1HH 5l)4^^(210)7> #3sHr f^lMS 7l§Ais : s. s^aJ 
JUICLKHl ^-713. vflc 7l)olH(NANDl~NANDn)7l- ^ -f^A^l^r #3^(220) 
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4, # 7 1 ^-71 #^«-(220)7> #3*Rr #3^3 7l§Al3H-, n 7l§A]±7> AlHB 

£ 4^. i^RVsl l«fl ^ 2«fl^ 7471 *1<3*1?1 #31H3 ^^S(OUT180, 

0UT360)* iHiSHr 31 1 ^ 31 2 *1<3^=(230, 240)# ^«1?!:4. 
<26> ^7} 31 1 ^ 31 2 *1<S^-H(230, 240)tt, ^71 -g-71 #^-¥-(220)31 4^2} #^443 

A>o)oil ^Al^S) i«fl * 2afl2l 31 1 ^ 31 2 *l<S7l(231)(241)l- 

<27> se^Alj: ^Ajw.(300)^-, £ 3°fl 5=*1S h>^ ^ #7) 360°-t^lH 3H^l3- 

(0UT360)* xl<gAl7l^ jitf *l<S7l(310)4, W 2-^ ^1^71(310)^1^1 *1<34 360° 
3H-tl3:(0UT360)°11 451- I^Jl* ^sRr *ll 1 €^^15: 1H371 (320)4, #7l 180° 3 # 
3H4J5K0UT180H 44 l^-ilS* HMI*H? ^ 2 li^lS ^71(330)4, #71 31 
1 ^i-tlJ: -£^71(320) ^^12 % + lH7l (330)7} liAljroil 360° «! 

180°^ ^tf-g- 7}*}t= t^sRr #§^2. ^4(340)3. ^£4- 

<28> -#7] #^A]Jr. >£^.!jL(340)^, #3i44(Vdd)4 ^*13 4 0 H E$*lilM(PM) 

^ <as.i H^^1^E1(NM)7> zll 3^r£H ^1-2-^ B^l^ (PM)3 7H°1H^1^ #7l 31 1 ^ 

^^71(320)21 m#7}7\ <?]HlEl(INVl)» #«fl fl^al, 2|2.i: B€4 ^3 (NM)3 31 

o}^<*}t= $7] 31 2 I^ais: ^-^71(330)21 #3447} 3^44. =1^3. ^7} 3)3.^ B3i*l 
i*|(PM) £ ^!Ei H^^liEKNM)2l Hfl^l^- -g-4*Rr 4^1(1^2, INV3)1- f-*fl 

olulEl(INV4)oll ^^£)<H 4b13(INV4)51 #344°1H €^-il^(XLK)7> #3331 
€4. 
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<29> a 0 v 7 ) ^| i g *fl 2 €i^JL t^7|(330)^, £ 4^1 u>4 ^-o] ^-7] 

^1^71(310)21 HL^r 4?1 ^IHaiJ: (200)21 180° #34^,8 ^)H^51(0UT180)» 

#34^7 #34471" vflS. 7llolE( NAND1 0)^ oj^ ^c^ofl *j<fc^3l- 0>^-e^ 4^°1 *jod|.g. 

^IHIEKINVII, INV12, INV13)* £43^- **11 4^ 7flolE( NAND io)ol E^ <a344°H 3^ 
5)JL, vHj= 7llolB(NAND10)2l #347Hr <?]H1EKINV14)21 9J344°11 ?]nlEl(INV14) 

2] #347HH #33 Tfl 4 A J44. 

<30> £oj ^Aj:g ^^A]^2l ^El 5SIE-1 iL^e.^ <^Aj. tiU7l(100)7l- ^ 

Ji44 Si 3 #3451(ICLI04 £ t^ofl 2]*H 43 s»E)7> 50%S. 3514 J2-44 a 
4 #345l(0CLK)l- ^1344 344» IfsU, 3 #4 3#*H 44 A l— S t1Ha]x 
(SHL, SHR)4 4^^1-5-5- #34^ t)Ha]^ £^(200)3. ^344. °fl* *4, *^4 
2(ICLR)iL4 12-4 #34Jl(0CLK)2l 34°1 ^.fdfl 4# ^aEf ^sHr a^e ^ 
-il3L(SHL)# f^5}H, 9J3 #34JUlCLK)li4 Jitf #34£(0CLK)2l $14 0 1 ^1 ^4°11 

O.^ AlBEf tg$ti|-^ AlHE ^<>)Al^(SHR)# #3*H ^H^X 1^4(200)3. <*]344. 

oi> #7] ^H-ils: ig-^Jf(2io)fe, 43 4HB 2114^4(210)21 4421 #344°11 

21 71§aij:i. a^aj-ji, 4^. #344°fl^- S--T- 7^4-t .2-3.4 47l 

fltf HlH7l(100)7> Aj^^e. #3*1-^ aIhe ^^Ai^(SHL, SHRHl 44 47l JH?lfl4 # 

7 ]§aij 1 - 2).^ ^ -9-^.2.3. ai^eaItH #3443. #34711 €4. 

<32> 012} Aj-EfloflA-l °J3 #^A1^(ICLK)7> 9J334, =L 3 #3 A}Jr( ICLK)^1 44 

•§■71 #34(220)2] vflH. 7flolH(NANDl~NANDn)-i- ^414 tr}^} #7] JL^S] #34-^ 
a) 5:1- 7^33 44*1?! #34t11 3±t, ^ #34 #34^1 71^ai^ ^ l ^ Til 2 34 

4H(230, 240)21 4=^51 »1 1 ^ Tfl 2 3<37l(231, 241)°)lAi, t-34^ 71§aij l7 > a1 = e 
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g <%x]6\] 4^ ^sq^ i«fl * 2«fl^ 471 180-21 #3iH! si^Hls 

(0UT180)2l-, 360°2l #31^ 2)H^3l(0UT360)3. #3^4. 

<33> aI^e eflT^&l (210)2} t^^KQlH*! 7lSA]S7> 

7>^ ^-f^l ^ 7l§AlX^ 7ll°lB(NANDl)l 1*11 *3£ * *H 1 *1<3 

^=(230)21 s}i}2l *)1 1 ^1^71(231)1- 131 180°1-^1-^ »H4l:£(0UT180)JL #3 

34 a}-^ 1 ^1^71(231)21 2^ *)9l*}ll-i: ?W$= A 2 (240)2} *><42l ^ 2 *1 

£71(241)1 1*11 x)<&s\o] 360 o #^^ v ^ 2)H415l(0UT360)S 3-^3- efl^li 

Bl(210)2l ^&7.}(Q2)*\]*\ *^*^8 7l^^l^7} f^€^2 7Ht ^ #31^3 7l§ 

-ilsfe \»H 7flolB(NAND2)» f-*fl #3£ ^ 1 (230)3 ^ 7 fl2l 4 1 

xl<a 7 l(231)l- 1*11 *1<£sM 180°«s}1^ ^H<tlJ:(0UT180)S #3^4 <>\^ 

^ 2 ^l<a^-H(240)2l ^ 7fl2l 2 *1<S 71(241)1- ^g-*fl £43^5. *|£3<H 360° «§11H9 
^1HA1^(0UT360)S. A 1HH 31*1^(210)21 #^^V(Qn)^l^ S^t^ 

%%Q^5L T^ofl 3- #3lHS 7l^Sfe 7flolE(NANDn)l 1*11 «J*d *3£ ^ 

^ ! ^<a^H(230)2l n 7fl2l ^ 1 *l°t7l(231)l 1*11 £43^ *1<S£M 180°*^^ A 
ol'tl3l(0UT180)£ #3^4 «»>*e| *l 2 *1 (240) 2} n 7 fl2l ^1 2 ^1^71(241)1 1*11 £ 

seo 0 ^^ 1 ^^ ^H>05:(OUT360)s. <ms\?e %°-3.*\ ^H^ls ^-^^-(200) 

aIhe efl^iEl(210)7> 7l§AiSl AlHB^m 21^H1 4 2} A 1 *1<3 

^-£(230)21 4^2) afl 1 ^1^71(231)1 1*11 7l^Al3ll ^1^^^ 180°#3lH ^1 

o)-il5l(0UT180)l ^V-irel ol 180 o #?l^i *)H^1 5- (OUT 180)21 *1<3 A 17J 0 1 U 1*H 2 

«11 *m D J^ 31 2 xl<3-¥-i(240)2l ^21 211 2 ^1^71(241)1 1*11 #§llH 71^3:1 
^1^ 360°-t^*^ ^H^l5l(OUT360)l #^*J4. 
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<34> #71 ^iH-ilS ^^(200)7> #^*Hr 360°!-^^ *1H#Jl(0UT360)^ #3#£ ^ 
^■(300)31 iL# *1<371(310)<HH i^Aia** *1<3€ ^ ^ 1 €i#£ 1^71(320)3. «a^3 
Jl, 180°#3fH) ^H4]S(0UT180)^ *ll 2 *i:#J: «£^7l(330)3 ^£4. 

<35> o^H, #71 S/8-*l<37l(310)fe, 44 ^1 3##£ ^#4(200)^ 

4 1 « all 2 ^i<S± 1HW320, 330)7> 3##£(0UT360, 0UT180H1 44 *M 

li-ilJl* =L iHIt!- ^fi^U^l 44 #^^1^ #^4(380)7> #3 #s}#iL(0CLK) 

» tt^tf £-S.s|fe *1#3 i*l» *l£*l7l>ll ^^l^l ^€4. 

<36> #7l m?H2 *^7l(320)(330)fe, 1 * *fl 2 ^i#J: ^-^(320, 

330)3^&| 4?1 <a^S]fe 360° €3 IMS *1H#3l(0uT360) $ 180°#3lM,§ *IH#3:(0UT180) 

y> -flH 7floiE (NAND io)2i «^ SJ^^H ^17>^4 4-1:3 44^ *l<a-8- ^tHEKlNVii- 
INV13)« £43j>.3 Jg-aB *l<a b>^51<H Ml— ?1HB(NAND10)£1 e}-# <y344°11 <?l7>sla 
3. \fl= 7fl«>lH(HAND10)fe &3 ^ l^#i:-I- Hr^ai, n ^#Jl. 

<37> #71 4 1 ^^7l(320)7> 360°-t-^^S *)H#i:(0UT360H 4^ 1MW?1 s 

^^2] liAjife #el#s t^^-(340)sl ^liH^(INVl)* -f-«fl 34^3 444 * ^2-^ 

EqH*liEl(PM)Sl TlHHofl «17>S1H.S. 3)2-^ B 31*1^3 (PM)7> ;E-§-#tfl3 £|3L, 4444 
(Vdd)4 #44 3^7} sqs-i: B€*1^3(PM)» 433UNV2, INV3)3 °l-f-°14 2fl 

*H 44 51 344 * 433(INV4)» **» 43 4433 #344- 
<38> ^ji #7l »1 2 #34:5: 4 A 37l(330)7> 180 o «31Ml ^<H#^(0UT180)«fl 44 1M3 
a)?1 ji^^fil liAjiH 4^(340)3 ^[5Li B€3^3(NM)3 7fl3B°fl 91?}$ 

S.3. 4£i B3J3^3(NM)7> £.^-#313 Eli, #7l 433UNV2, INV3)3 3^34 33°ti 
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3^ £2.7} <&3-^ Ha4i3(NM)* f-*)l 3*1 3. S-E.^ jl^l- 5H 

, =L #3* 3.Q$\t= <?133(INV4)-& *«fl 3^3^ *#33 #33^ 3*-3-4 #34Jl * 
-flJf (340)fc 4?1 360°#3*4 *H34.S(0UT360)oll 44 i^^S =U, <*7l 180° #3*4 

2fl<H-i!3L(oirri80)°fl 44 4*1*13. 3xr H4 #343:(0CLK)-i- #34tH 44. 

<39> f^H, 4-71 l-^^lJ: *4 J r(340)7l- *44fe- £.4- #34:£(0CLK) : c- $14 »lS7l 
(100H °J343 $3 #34Jl(iclk)4 314* hihsI-ji, fltf Mia l^ofl 4=1- *)H42. 
*4Jf(200)3 4£H eH^liEl(210)^ 344 34 44 443 J143* 4HB4344 360 
°#3*4 all44±(0UT360)* *4433, ^ *434 360°#3*4 *1134:£(0UT360)<>11 4 
El- #345: *44(340)7V iL4 #34£(0CLK)3 360°* €^*1°S J2.4 #34s(0CLK)3 
360°^ <?13 #345l(ICLK)3 360° 334 444711 ^14*WI 44. 

<4o> nelJi $7] 360° €3*4 aH4:i:(0UT360)fe #3*4 3445: 444(200)3 -f-71 
#34(220H4 #33fe #3*4 7l^s», a. #3*4 4HH4 33 c ll 4 

4 ^43x7 4i4 443 2«fl 44* *| 2 44-?-=(240)3 4^2} 2 343(241)71- 444 
71 ^Ajs^ %o]jl, 180°#3*4 *H345l(OUT180)£r 434 #§HtH| 7l^A]5:», 
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